To assess the relations of electrocardiographic measures of ischemia with the development of adverse coronary events, 86 patients with stable coronary artery disease and positive exercise tests for myocardial ischemia underwent ambulatory monitoring of the electrocardiogram. Monitoring was performed after withdrawal of antianginal medications, and prospective follow-up was obtained on routine medical care as prescribed by physicians who were unaware of monitor results. Forty-nine patients (57%) had a total of 426 episodes of ST segment depression; only 60 episodes (14%) were associated with symptoms of angina or an equivalent. During a mean follow-up of 12.5+± 7.5 months, there were two cardiac deaths, four myocardial infarctions, four hospitalizations for unstable angina, and 11 revascularization procedures required for new or worsening symptoms in 15 patients. All but one of these events (a hospitalization for unstable angina) occurred in the group of patients with ST segment depression on monitoring (p= 0.003). In multivariate analysis controlling for age, sex, and clinical descriptions of angina, the presence of ischemia on ambulatory monitoring was a significant predictor of outcome, while exercise test characteristics were not. Therefore, ischemia detected by ambulatory monitoring was common in patients with stable symptoms of coronary artery disease, and its presence identified a high-risk group for the development of subsequent unfavorable outcomes while on routine medical therapies. (Circulation 1988;78:877-884) A -lthough the angiographic extent of coronary artery disease and the degree of left ventricular dysfunction are strongly associated with adverse outcomes, these data are not always available in the initial assessment of patients with coronary artery disease. Various studies have now reported an association between exercise-related ST segment abnormalities and increased morbidity and mortality from coronary artery disease in patients who have survived a myocardial infarction,1,2 in patients with chronic manifestations of coronary disease,3-5 and in asymptomatic patients at high risk for developing coronary disease.6,7
To assess the relations of electrocardiographic measures of ischemia with the development of adverse coronary events, 86 patients with stable coronary artery disease and positive exercise tests for myocardial ischemia underwent ambulatory monitoring of the electrocardiogram. Monitoring was performed after withdrawal of antianginal medications, and prospective follow-up was obtained on routine medical care as prescribed by physicians who were unaware of monitor results. Forty-nine patients (57%) had a total of 426 episodes of ST segment depression; only 60 episodes (14%) were associated with symptoms of angina or an equivalent. During a mean follow-up of 12.5+± 7.5 months, there were two cardiac deaths, four myocardial infarctions, four hospitalizations for unstable angina, and 11 revascularization procedures required for new or worsening symptoms in 15 patients. All but one of these events (a hospitalization for unstable angina) occurred in the group of patients with ST segment depression on monitoring (p= 0.003). In multivariate analysis controlling for age, sex, and clinical descriptions of angina, the presence of ischemia on ambulatory monitoring was a significant predictor of outcome, while exercise test characteristics were not. Therefore, ischemia detected by ambulatory monitoring was common in patients with stable symptoms of coronary artery disease, and its presence identified a high-risk group for the development of subsequent unfavorable outcomes while on routine medical therapies. (Circulation 1988;78:877-884) A -lthough the angiographic extent of coronary artery disease and the degree of left ventricular dysfunction are strongly associated with adverse outcomes, these data are not always available in the initial assessment of patients with coronary artery disease. Various studies have now reported an association between exercise-related ST segment abnormalities and increased morbidity and mortality from coronary artery disease in patients who have survived a myocardial infarction,1,2 in patients with chronic manifestations of coronary disease,3-5 and in asymptomatic patients at high risk for developing coronary disease. 6, 7 Nevertheless, even among these patients with positive exercise tests, the outcome is highly variable. Ambulatory monitoring of the ST segment can now be used to detect and quantify episodes of ischemic ST segment depression in patients with known coronary artery disease.8 These episodes of ST segment depression are quite common, usually asymptomatic, and correlate well with the extent of ischemia detected by exercise tolerance testing. [9] [10] [11] [12] Continuous ST segment monitoring in patients hospitalized with unstable angina has been shown to be useful in predicting adverse cardiac events during short-term follow-up. [13] [14] [15] However, little information is available regarding the prognostic significance of episodes of ST segment depressions in ambulant patients with chronic stable symptoms of coronary artery disease. This report presents data from the initial 86 patients enrolled in an ongoing prospective study designed to determine the prognostic implications of ST segment depression as detected by ambulatory monitoring in patients who have stable coronary artery disease while receiving routine medical care and to examine whether presence of ischemia on ambulatory monitoring helps to improve risk assessment in this population.
Patients and Methods
Eighty-six patients with stable symptoms of coronary artery disease on routine medical therapy and with symptom-limited exercise tolerance tests that demonstrated 1 mm or more of horizontal or downsloping ST segment depression were selected for ambulatory monitoring of the electrocardiogram. The presence of coronary artery disease was documented in 67 of the 86 patients (78%) by angiographic evidence of 70% stenosis of one or more coronary arteries. The remaining patients had a high likelihood of significant obstructive coronary artery disease based on history and exercise testing. These patients all had documented previous transmural myocardial infarctions and/or exercise tolerance tests highly predictive for coronary disease (.2 mm of ST segment depression in association with angina symptoms). Patients on digoxin or with electrocardiographic abnormalities known to influence the ST segment (left ventricular hypertrophy, bundle branch block, Wolff-Parkinson-White syndrome, or significant baseline ST segment abnormalities) were not recruited for this study.
Patient Characterization
All patients were characterized according to age, sex, history of myocardial infarction, previous revascularization with coronary artery bypass grafting or percutaneous coronary angioplasty, standard risk factor assessment, and angina history. Angina pectoris was classified according to frequency (absent, less than one episode a week, one to five episodes a week, or daily) and New York Heart Association Class severity (I-IV).
Diagnostic Testing
All medications were discontinued 48 hours before monitoring and exercise testing. During this period, patients were instructed to take nitroglycerin only as needed for symptoms. Ambulatory monitoring. All sessions were recorded on 24-hour cassette tapes with a calibrated Oxford MR 35 frequency modulated recorder (London, UK). Two 24-hour ambulatory monitoring periods were performed on consecutive days for a total of 48 hours of continuous monitoring. Bipolar electrodes were attached with the exploring electrodes at the standard V5 and at modified inferior positions. Electrode position was altered when necessary to record the leads showing the most ST segment depression as determined from exercise tolerance testing. During monitoring, patients were instructed to engage in their usual activities and maintain diaries to record symptoms of angina or an equivalent. Tapes were analyzed visually at 60-120 times real-time with an Oxford Medilog 20 scanner and a technician-interactive Cardiodata MK4 analy-sis computer by two independent technicians or physicians. Results were compared and if they differed by 5% or more, the tapes were reanalyzed. Only those tapes with interpretable signals for at least 90% of the 24-hour recording session were analyzed. This represented a total of 126 24-hour periods in the 86 patients. Twenty-six percent of 24-hour tapes were not usable because of mechanical problems during recording or poor signal quality. An episode of significant ST segment depression was defined as 1 mm or more of horizontal or downsloping ST segment depression persisting at 80 msec after the J point and lasting for 30 seconds or longer in consecutive beats. Separation of one episode from another required that the electrocardiographic return toward baseline for more than 3 minutes. For each patient, the total number of episodes and the total duration of episodes in minutes were determined every 24 hours. The heart rate at onset, the maximal degree of ST segment depression, and association with symptoms were recorded for each individual episode.
Exercise tolerance testing. Maximal symptomlimited exercise tolerance tests were performed before ambulatory monitoring on a treadmill with the Bruce protocol. Exercise tolerance tests were terminated at exhaustion or with the development of 4 mm or more of ST segment depression, severe angina, three or more ventricular contractions in succession, dyspnea, claudication, or a fall in blood pressure of more than 20 mm Hg. The time to and heart rate at onset of 1 mm of ST segment depression and at peak exercise, maximum ST segment depression, and development of angina with exercise were recorded for each test.
Follow-up. Subjects were contacted at 3-month intervals from the time of initial monitoring to determine the occurrence of death, myocardial infarction, hospitalizations for unstable angina, and need for revascularization with coronary artery bypass grafting or percutaneous transluminal coronary angioplasty because of new or worsening symptoms. In-hospital records and physician charts were reviewed for confirmation. Deaths were classified as cardiac or noncardiac. Myocardial infarctions were confirmed by standard electrocardiographic evolution and creatine phosphokinase isoenzyme patterns. Hospitalizations for unstable angina required a characteristic clinical syndrome and/or reversible electrocardiographic changes.
The physicians caring for patients during follow-up were blinded to the ambulatory monitoring results. Classification of cardiac events was made by the authors without knowledge of monitoring results.
Statistical analysis. Descriptive statistics are presented as mean + SD for normally distributed data; otherwise, they are reported as median and range. Comparisons of subgroups with and without ST segment depression on monitoring were made with a t test for continuous variables and a x2 analysis for categorical variables. 16 Correlations between clinical, exercise, and ambulatory monitoring variables were made with a Spearman correlation matrix. 16 Life table curves were constructed with the Kaplan-Meier approach and were compared by the logrank method.17 Univariate analysis was performed by comparing calculated event rates for each 100 person years. Rate ratios for each variable were determined by dividing event rates for the factor of interest. A x2 test for event rates (score test for comparing two exponential survival curves) was used to test significance.'7 Univariate models and multivariate models controlling for the clinical characterization of the patients were constructed with the Cox proportional hazards model.'7 Cox proportional hazards models were constructed with the following variables: clinical (age, sex, angina frequency, and angina severity), ambulatory monitoring (presence of, duration of, and frequency of ST segment depression), and exercise testing (time to and heart rate at 1-mm ST segment depression and peak exercise, maximum ST segment depression, time to recovery of ST segment depression, and chest pain with exercise). Five revascularization procedures were precipitated not by a change in symptom complex but based on physician decisions before monitoring and were not considered as events. Such subjects were censored from further analysis at the time of the procedure. p<0.05 was considered significant.
Results Clinical and Exercise Test Characteristics
The mean age of the patients was 59 + 11 years with a range of 36-81 years ( Table 1 ) . The majority of patients (81%) were New York Heart Association Class I or II, and 16% were totally asymptomatic at the time of monitoring. The mean time to development of 1 mm of ST segment depression during exercise testing was 3.4±1.9 minutes with an associated mean heart rate of 119 ± 17 beats/min. The maximum ST segment depression during exercise was 2.0 ±0.9 mm.
Monitor Results
Forty-nine patients (57%) had one or more episodes of ST segment depression, for a total of 426 episodes ( Table 2 ). In these 49 patients, the median number of episodes each 24 hours was four (range, 1-25) with median duration of 26 minutes each 24 hours (range, 1-488). The mean heart rate at onset of ST segment depression on monitoring was 102 ± 16 beats/min, which was significantly lower than the heart rate at onset of ST segment depression during exercise in the same 49 patients (102 ± 16 vs. 117 + 16 beats/min, p<0.001 by paired t test). Only 60 of the 426 episodes of ST segment depression during ambulatory monitoring (14%) were associated with symptoms of angina or an equivalent. These painful episodes of ST segment depression occurred in 22 of the 49 patients with episodes (45%) leaving 27 patients with completely painless episodes during monitoring. In the subgroup of 22 patients with painful episodes, pain was associated with all episodes in only three patients while only 21±+-3% of episodes were associated with pain in the remaining subjects.
Relation of Clinical and Exercise Test Results With Ambulatory Monitoring
Patients with ST segment depression during ambulatory monitoring tended to be older and to have an earlier onset and a greater degree of ST segment depression during exercise (Table 3 ). Other historical, clinical, risk factor, and exercise test variables were not significantly -different between the two groups. In addition, there were no differences between the two groups in the types (nitrates, ,-blockers, and calcium channel blockers) or combinations of antianginal medications that were used by the caring physicians. For example, the percentages of patients receiving no, one, two, or three drug classes of antianginal therapy during follow-up were 8%, 22%, 38%, and 32%, respectively, for those without ST segment depression on monitoring and 8%, 18%, 41%, and 33%, respectively, for those with ST segment depression.
The number of episodes of ST segment depression on monitoring was inversely correlated with both the time to onset of ST segment depression during exercise and the total duration of exercise (r= -0.37 and -0.26, respectively; both p<0.05) and was directly correlated with the depth in millimeters of ST segment depression precipitated during exercise (r=0.34; p<0.001). In these patients with chronic stable symptoms, the frequency and duration of ST segment depression recorded during monitoring did not correlate with the frequency or severity of angina, age, or sex.
In the 67 patients with angiographic determined coronary artery stenoses, the 23 patients with threevessel disease were more likely to have ST depression on ambulatory monitoring compared with the 44 patients with oneor two-vessel disease (83% vs. 45%, p =0.003).
Clinical Outcomes
The mean follow-up time was 12.5 ± 7.5 months (range, 1-25 months) ( Table 4 ). During this time, there were two cardiac deaths, four myocardial infarctions, four hospitalizations for unstable angina, and 11 revascularization procedures needed for new or worsening symptoms for a total of 21 events in 15 patients. Only one of these 21 events (hospitalization for unstable angina) occurred in the subgroup of patients without ST segment depression on ambulatory monitoring.
Correlates of Coronary Events
When each clinical and testing characteristic was considered individually, only the presence or absence of ST segment depression on ambulatory monitoring was significantly correlated with both acute ischemic events (cardiac death, myocardial infarction, or unstable angina) and with progressive ischemic events (acute ischemic events or revascularization for progressive symptoms) with rate ratios of 5.7 and 11.4, respectively ( Table 5 ). Exercise ST segment depression was also significantly correlated with progressive ischemic events (rate ratio, 8.9 ). Although several other factors had rate ratios above 2.0 for both outcomes (heart rate at onset of ST segment depression and duration and maximum ST segment depression during exercise testing), they were only of borderline statistical significance in our relatively small sample. Kaplan-Meier analysis for both outcomes demonstrated a significantly higher cummulative probability of coronary events in the group with ischemic ST segment depression detected on monitoring (p = 0.05 for acute events and p = 0.003 for progressive events, Figure 1 ). In the sample of patients with angiographic data, the presence of three-vessel disease was significantly correlated with coronary outcomes when compared with one-or two-vessel disease (rate ratios, 12.3 and 15.3 for acute and progressive ischemic events, respectively; both p<0.01).
Because the angiographic extent of disease is frequently not known in the initial assessment of patients with coronary disease, multivariate analysis was performed to assess the prognostic significance of noninvasive measures of ischemia when taking into account the clinical history. To control for the influences of clinical history on outcome, Cox proportional hazards models were constructed containing the clinical information of age, sex, angina frequency, and angina severity. When the exercise test variables (time to 1 mm of ST segment depression, heart rate at 1 mm of ST segment depression, exercise duration, maximum ST segment depression, peak exercise heart rate, and time to recovery of ST segment depression) were added to this clinical model in a stepwise fashion, no exercise variable added significant incremental prognostic information above and beyond the clinical information. However, when ambulatory evidence of ischemia (presence or absence of ST segment depression on monitoring, frequency of ST segment episodes, and total duration of ST segment episodes) were added to the same clinical model, the presence or absence of ST segment depression added significant independent prognostic informa- tion (acute events: rate ratio, 16.3, p = 0.03 for acute events; progressive events: rate ratio, 13.8, p = 0.01). Frequency of episodes or total duration of ischemia was not better than considering just the simple presence or absence of ischemia. Finally, when the exercise test variables and Holter variables were combined and added to the clinical model, again only the presence of ST segment depression on ambulatory monitoring was predictive of subsequent events in either outcome category. Discussion
In a population of patients with stable symptoms of coronary artery disease and positive exercise tests, transient myocardial ischemia detected during ambulatory monitoring while taking nitroglycerin alone occurred in approximately 60% of patients and was usually asymptomatic. In this prospective study in stable patients receiving routine medical care, there was a significantly higher cummulative probability of adverse coronary events in patients with ischemia detected by ambulatory monitoring than in those without active ischemia both before and after controlling for differences in age, sex, and frequency and severity of anginal symptoms. In this population of patients with positive exercise test responses, the presence and extent of transient ST segment depression in ambulant patients appeared to be more helpful in predicting adverse outcomes than individual measures of severity of ischemia on exercise tolerance testing.
The detection of ischemia during exercise testing has previously been shown to be useful in predicting subsequent coronary events in groups both with known and unsuspected coronary artery disease.1-7"19-22 In a study of over 4,000 medically treated patients, Weiner et a13 found an approximately fivefold greater mortality in a high-risk subgroup defined by exercise testing. Bonow et a15 reported that in a group of mildly symptomatic patients with known significant three-vessel coronary artery disease and preserved resting ejection fractions, all deaths during a 4-year follow-up occurred in those patients with ischemia detected by electrocardiographic abnormalities and an abnormal ejection fraction response to exercise. In addi- tion, Therouxl has reported mortality rates of more than 25% during a 1-year follow-up in patients with ST segment depression detected during exercise tests after infarction, regardless of whether the ST segment depression was associated with symptoms of angina. Finally, screening studies in general or asymptomatic populations have reported risk ratios for the subsequent development of coronary events of fivefold to nearly 15-fold for positive exercise test responses versus negative responses.6,7,18-21 Although many studies have examined the prognostic significance of exercise induced ST segment depression, much less is known regarding the prognostic importance of episodes of ST segment depression measured in ambulant patients during usual daily activity. Most reports have been in subgroups of patients admitted to the hospital with unstable angina. Johnson and associates13 examined the value of two-channel monitoring during the initial hospitalizations of 92 patients with unstable angina pectoris. Fourteen of 21 subjects with in-hospital ST segment depression on monitoring (67%) required acute revascularization for symptoms or left main stenosis or progressed to death, infarction, or limiting angina during a 3-month follow-up. Only 17 of 71 patients without ST segment depressions (24%) developed similar coronary events during the same period of follow-up. Gottlieb et al'4 reported that in 70 patients hospitalized for unstable angina, the group of 37 patients with ST segment depression detected on monitoring, experienced significantly more myocardial infarctions and required more revascularization procedures for symptoms during the 1-month follow-up. In addition, the probability of an unfavorable outcome was significantly higher in a subgroup of ischemic patients who had 60 minutes or more of ischemia occurring each 24 hours. Furthermore, multivariate analysis controlling for the clinical features, angiographic extent of disease, and ventricular function demonstrated that asymptomatic ischemia detected by continuous monitoring was the most important predictor of infarction or revascularization.
Our study extends these observations made in populations of patients with unstable angina to a population of patients with known coronary disease but chronic stable symptoms. The findings indicate that this stable population of patients was markedly heterogenous with regards to the presence and severity of ischemic ST segment depression on continuous electrocardiographic monitoring. In addition, the presence of ischemia on ambulatory monitoring identified a subgroup at increased risk for the development of subsequent coronary events.
The present observations, as well as previous studies from our laboratory, have indicated that a correlation exists between measures of severity of ischemia on exercise tolerance testing and the frequency of ischemia during monitoring. 12 Nevertheless, when the presence, frequency, and duration of active ischemia in ambulant patients are added in a stepwise fashion to Cox proportional hazards models along with the exercise test parameters of ischemia, the detection of ischemia during ambulatory monitoring offered independent prognostic information in addition to the clinical information, whereas the exercise test parameters did not. This is in contrast to previous studies that have demonstrated the prognostic significance of a positive exercise test. In our study, we chose to include only those patients with positive exercise tests for ischemia. This was because previous studies have shown that a technically satisfactory and negative exercise test is associated with no active ischemia on ambulatory monitoring'2 and a very low incidence of coronary events in follow-up.2-7'18-21 In our more homogeneous group of patients with positive exercise tests, the differences in the exercise responses between patients were not sufficient to predict outcomes. On the other hand, because our group of stable patients with positive exercise tests have variable outcomes, the additional noninvasive measure of ischemia on ,\ ambulatory monitoring was used in this population to more accurately identify a high-risk subgroup.
There are a number of limitations to this preliminary report of an ongoing prospective study. The study group is small and the follow-up times are relatively short. The somewhat large rate ratios with borderline significance levels for some variables suggest that these factors might meet traditional significance criteria if larger samples are followed for longer periods of time. Because there can be no direct confirmation that ST segment changes during ambulatory monitoring represent ischemia, patients in this study were selected because of their known coronary artery disease and positive exercise test responses and were free from drugs or electrocardiographic abnormalities known to influence the ST segment. Previous ambulatory monitoring studies in groups of patients similar to the patients reported here10 and in normal subjects22 as well as validation studies with 82Rb uptake and positron emission tomography as a reference technique8 have further supported the assumption that ST segment changes in such a selected population represent ischemia. Because of this selection of patients, the observations reported may not be applicable to all patients with coronary artery disease. Last, we have not examined whether medical therapy alters the exercise testing and ambulatory monitoring measures of ischemia or their association with outcome. No attempts were made to influence the specific therapeutic regimens of individual patients nor was the ambulatory monitoring information available to the prescribing physicians. Nevertheless, there were no major differences in the classes or combinations of drugs used in the treatment of patients with and without ischemia on their baseline monitors. Future studies will need to examine the influence of therapeutic responses on adverse outcomes.
The objective of this study was not to reexamine the importance of angiographic measurements of disease severity but to determine if noninvasive measures of active ischemia in ambulant patients with known coronary disease significantly correlated with the occurrence of coronary events. While the angiographic assessment of the extent of coronary artery disease and the degree of left ventricular dysfunction remain important prognostic indicators, this invasive information is not always available particularly at an early stage in the assessment of patients with suspected coronary artery disease. For this reason, noninvasive measures of disease activity (e.g., myocardial ischemia detected by ST segment shifts) may further help identify those individuals at higher risk for important coronary events and therefore indicate the need for more aggressive diagnostic and therapeutic approaches. This preliminary study suggests that a group of patients falling within the clinical diagnostic category of stable coronary disease demonstrate widely different ischemic heart disease activity during con-tinuous electrocardiographic monitoring when ambulatory and that a measure of this activity can identify a subgroup at increased risk for adverse coronary events. Further studies in larger numbers of patients are needed to determine the role that ambulatory monitoring will play in the assessment of risk and longitudinal follow-up in patients with coronary artery disease.
